The relationship between Pc5 ULF waves and the asymmetric ring current during the magnetic storm on July 15, 2000 is studied using ground-based magnetometer data and particle observations by the LANL satellite. A frequency decreases of Pc5 is noted during the main phase, which can be attributed to injections of heavier ions (O + and He + ) into the ring current. In addition, it is observed that during the main phase of the storm, the frequency drop of the Pc5 in the IMAGE chain around the MLT midnight is larger than that in the ALASKA chain at MLT post noon. Meanwhile, the longitudinal variation of H with the maximum around midnight implies a highly asymmetric distribution of the ring current. These results suggested that the frequency variation of Pc5 pulsation during storms is related to the partial distribution in the ring current.
Introduction
The distribution and time variation of plasma density in the magnetosphere can be estimated from ground-based observations of ULF waves as standing waves of the Alfven mode (Obayashi and Jacobs, 1958; Waters et al., 1991 Waters et al., , 1996 . Theoretical work suggested the development of the field line resonance model of ULF waves (Tamao, 1966; Chen and Hasegawa, 1974; Southwood, 1974) . In the cold plasma, the fast mode wave across the magnetic filed line and is independent on the magnetic field, while the shear Alfven wave is magnetic field line guided. The field line resonance and cavity resonance could generate Pc5 ULF at auroral latitude (Yumoto, 1984; Voelker, 1962; Glassmeier, 1995) . The drift-bounce resonance is an internal source of ULF waves (Yeoman and Wright, 2001) . Compressional Pc5 ULF waves, found on the nightside close to the flanks of the magnetosphere, are the dominant pulsations at high latitudes during a magnetic storm. Azimuthally polarized toroidal Pc5 pulsations are thought to be a fundamental mode of the toroidal field line resonance (FLR). The resonant frequency of the field line decreases with the increase of plasma density and the length of the field line. The Pc5 ULF waves observed during a storm on July 15, 2000 were identified as field line resonance (Du et al., 2003) .
Compressional Pc5 are correlated with the development of the partial ring currents (Anderson, 1993) . The partial ring current associated with the asymmetry of the ring current connected to the auroral electrojet in the ionosphere through field-aligned currents (Akasofu et al., 2003) . Injections of heavier ions (O + and He + ) into the ring current during the main phase of a magnetic storm were identified Copy right c The Society of Geomagnetism and Earth, Planetary and Space Sciences (SGEPSS); The Seismological Society of Japan; The Volcanological Society of Japan; The Geodetic Society of Japan; The Japanese Society for Planetary Sciences; TERRAPUB.
by satellite observations (Daglis, 1997) . The strong dawndusk asymmetry of the ring current is caused mainly by O + and He + ions, but not by H + ions (Fu et al., 2001) . The increase of heavy ions will affect the resonant frequency of field line.
In this paper, we investigate the variation of the Pc5 frequency and its relationship with longitudinal asymmetry of the ring current during a storm on July 15, 2000.
Data Analysis and Results
Seven stations of the IMAGE chain (the top 7 rows in Table 1 ) and four stations in the Alaska array (the middle 4 rows in the Table 1) are adopted for studying the characteristics of Pc5 ULF waves during a storm. Eight stations in middle and low latitudes (the bottom 8 rows) are used to detect the asymmetry of the ring current. The geographic and geomagnetic coordinates of all stations are listed in Table 1 . The values of L for each station are also shown in Table 1 while MLT IMAGE ≈ UT + 2 hrs and MLT ALASKA ≈ UT − 11 hrs. Du et al. (2003) studied the characteristics of filed line resonance for Pc5 on July 15-16, 2000. The main frequency of Pc5 ULF waves increases with the decrease of latitude during the storm on July 15-16, 2000. The amplitude peaks of Pc5 ULF waves during the initial phase, main phase and recovery phase occurred near 64
• N, 66
• N and 71
• N, respectively. Figure 1 shows the latitudinal variation of polarization ellipse of Pc5 waves. A linear polarization occurred at MAG with latitude of 66.07
• , and polarization changed from counterclockwise to clockwise. It indicates that Pc5 pulsations are generated by field line resonance. keV energy channel of MPA instrument on the LANL satellite and the total density of ions number observed by CPI on the Geotail satellite. The LANL satellite just locates near the IMAGE region at 2100 UT on July 15. There are several peaks of ion fluxes in LANL data and the density of ions observed by Geotail increases sharply. The IMF Bz remains southward and the ion flux increases, with several peaks occurring during the main phase. The bottom panel shows contour of the H at middle and low latitudes together with the Dst index. As seen in the Dst profile, a sudden commencement (SSC) occurred at 1440 UT, and then Dst decreased sharply at 1900 UT, arriving at the minimum at 2400 UT on July 15, then increasing slowly in the recovery phase. The contour of the H in longitude-UT coordinates is constructed from the observed H component of magnetic disturbances at 8 low-latitude stations. The yellow line in the bottom panel of Fig. 2 shows the magnetic local midnight at different longitudes. The most intense disturbance appeared in the main phase from 1900 UT to 2400 UT of July 15, and near the 110
• geomagnetic longitude region where the IMAGE chain lies around local midnight, (indicated by the lower horizontal line). The weakest disturbances in H during the main phase were observed by stations in the ALASKA chain at a longitude of ∼260
• which was located just after noon MLT (see the upper horizontal line). Therefore, a clear longitudinal asymmetry in ring current can be identified during the main phase. 
Wavelet analysis of Pc5 frequency
To study the Pc5 ULF waves, the data were preliminarily filtered in the 1-8 mHz band by a digital band-pass filter. The Pc5 waveforms at the SOD station in the IMAGE chain and the Poker Flat station in the ALASKA chain are shown in the upper panel of Fig. 3 on July 15-16, 2000.
A Morlet wavelet analysis (Torrence and Compo, 1998) , which consists of a plane wave modulated by a Gaussian function ϕ 0 (η) = π −1/4 e iωη e −η 2 /2 , was used to process the pulsation data. The lower panel of Fig. 3 shows the wavelet power spectrum of magnetic disturbances which were observed at SOD station in the IMAGE chain and at Poker Flat in the ALASKA chain during July 15-16, 2000.
It is important to note that the frequency of Pc5 pulsations at the IMAGE stations clearly declined gradually after the initiation of a storm at 1500 UT. The frequency reached a minimum at the maximum time of the main phase at 00 UT on July 16. Then it began to increase during the recovery. Meanwhile, the trend of Pc5 frequency at Alaska stations was similar to that in the IMAGE chain, but the variational amplitudes were much smaller. The Pc5 pulsations frequency dropping during the main phase is obviously associated with the injection of heavier ions (He + and O + ) into the ring current during the main phase of a storm (Jordanova et al., 2001) .
Variations of Pc5 frequency and particles in the
ring current during a magnetic storm In order to show clearly the trend of Pc5 pulsation frequency during a storm, the main frequency in successive half an hour interval for all stations in the IMAGE and ALASKA chains is calculated and shown in the upper and lower panels of Fig. 4 . The main frequency of the Pc5 pulsations was defined as the frequency that is associated with the maximum power in the wavelet spectrum. The two solid lines are polynomial fit (the confidence level in the Linear is set to 95%) to all points of the main frequency for the IMAGE and ALASKA chains, respectively. It is interesting to note that the main frequency at the IM-AGE stations decreased around 3 mHz on average from the initial time to the maximum time of the storm. The minimum of the polynomial fit line locates in the main phase where Dst is less than −280 nT. On the other hand, only about 1 mHz decrease, in the average of the main frequency was found at the Alaska stations. The difference of the main frequency decrease between both chains is believed to arise from the different location of two chains, because the ALASKA stations were located in the post-noon sector and the IMAGE array was in the midnight sector.
The variation of Pc5 frequency may result from the magnetic field topology and plasma mass loading, while the resonant frequency is sensitive to the plasma population where the Alfven speed is at a minimum. The injection of heavier ions, such as He + and O + , into the ring current during the main phase is highly asymmetric. Jordanova et al. (2001) simulated the time evolution of H + , O + , and He + in the ring current during a magnetic storm of July 13-18, 2000. They found that the content of O + in the ring current reached maximum values of 60% near the minimum value of the Dst index, and an asymmetry in the ring current was evident during the main phase with the maximum energy densities of ions near the dusk sector (see figure 5 in Jordanova, 2001) . At the same time, the decrease in amplitude of the magnetic field is only about 1 percent of total magnetic field. The length of field line varies irregularly due to the compression of solar wind pressure and the dipolization of magnetic field. So we conclude that the difference of the main frequency difference between the chains at different MLT is associated with the asymmetry of injected heavier ions (He + and O + ) in the ring current.
Summary and Discussion
(1) The time variation of Pc5 magnetic pulsation frequency at the IMAGE stations is well correlated to the Dst index during a magnetic storm on July 15-16, 2000. The decrease of Pc5 pulsations frequency during the main phase of a storm indicates enhanced particle injections into the ring current, in particular for heavy ions O + and He + . (2) The difference of the decrease in frequency of Pc5 ULF waves at between the IMAGE chain and the Alaska chain indicates the asymmetry of injected heavier ions (He + and O + ) in the ring current, which is consistent with H observations at low latitudes. Field lines resonance associated with near magnetopause field lines. In the high latitude region, the field lines cross outside the plasmpause, so the wave structure of the observed FLRs will varies with radial distance. The field line eigenfrequency varies depending on a number of factors, including the field line stretching and the plasma density. Waters et al. (2000) showed this behavior of Alfven velocity and resonant period with L shell. In addition, some impulses during a storm usually affect the Pc5 frequency. Waters et al. (1995) and Mathie et al. (1999) also found a diurnal variation in the frequency. It is noted that the lowest Pc5 frequency is always seen at 2 mHz at both stations and the frequency higher than 3 mHz are almost seen at the IMAGE chain in Fig. 4 . In the interval 1530∼2100 UT, the frequency of Pc5 waves decreases with increasing latitude. In the interval 2100∼0600 UT, the frequency of Pc5 ULF waves increases with increasing latitude. It suggests that the temporal convection process of ions into the ring current is from higher latitude to lower latitude areas. We can see that Pc5 ULF waves whose frequency is near 2 mHz locates in different latitude. Because the range of latitude in IMAGE chain is wider than that in ALASKA chain, these phenomena result in the Pc 5 frequency distributes broader at the IMAGE chain than at the ALASKA chain.
